Abstract Among the different methods employed for the synthesis of nanoparticles, the biological method is most favorable and quite well established. In microorganisms, use of fungi in the biosynthesis of silver nanoparticles has a greater advantage over other microbial mediators. In this study, intracellular synthesis of silver nanoparticles from Aspergillus terrerus (Thom) MTCC632 was carried out. We observed that synthesis of silver nanoparticles depended on factors such as temperature, amount of biomass and concentration of silver ions in the reaction mixture. Hence, optimization of biosynthesis using these parameters was carried out using statistical tool 'robust experimental design'. Size and morphology of synthesized nanoparticles were determined using X-ray diffraction technique, field emission scanning electron microscopy, energy dispersion spectroscopy, and transmission electron microscopy. Nanoembedded cotton fabric was further prepared and studied for its antibacterial properties.
Introduction
Silver is a naturally occurring precious metal, most often in the form of a mineral ore in association with other elements. Silver is well-known for its strong antibacterial activity which leads to the development of various nanosilver products. Recently, silver nanoparticles have been used in the medical field; wound dressing, surgical instruments, etc. [1] [2] [3] [4] [5] [6] . In daily life, silver containing room sprays, laundry detergents, water purification systems, wall paints [7] [8] [9] [10] [11] , clothes impregnated with silver nanoparticles [9] , washing machines, etc. [10, 11] have been in use. Due to these extensive applications of silver nanoparticles, there is an increase in demand of their large scale synthesis with specific sizes and shapes. It is also well-known that the properties of silver nanoparticles are greatly influenced by its size, shape and crystal structure. Therefore, silver nanoparticles synthesis with defined size and shape are at the leading edge of nanoscience and nanotechnology.
Synthesis of silver nanoparticles is achieved by several physical, chemical and biological methods using top-down or bottom-up approaches [2, [12] [13] [14] [15] [16] [17] [18] . In the biosynthesis of silver nanoparticles, microorganisms have been extensively used to produce stable nanoparticles [19] . Hence, microorganisms have received the most attention in the area of silver nanoparticles synthesis due to their ability to absorb, accumulate, and synthesize silver nanoparticles [20] . Reports have proven that silver nanoparticles could be synthesized using microbes like bacteria [21, 22] , fungi [23] [24] [25] [26] [27] and yeast as well as plant parts [28] [29] [30] [31] and plant latex [32] .
Among the microorganisms, fungal mediated silver nanoparticles synthesis is a relatively new research area [32, 33] . Many fungal species have been studied for their ability to synthesize silver nanoparticles. Some representative examples are shown in Table 1 . Compared to bacteria, fungi have an advantage in large-scale production as it produces large amounts of enzymes involved in silver nanoparticle synthesis. Moreover, fungal culture is simpler to grow both in the laboratory and at industrial scale.
Studies (Table 1) suggested that there are two major routes of fungal mediated silver nanoparticle synthesis: (a) using cell-free broth or extract and (b) using dried or wet mycelia. In the biosynthesis of silver nanoparticles using Verticillium spp., homogeneous distribution of nanoparticles in cell wall has been reported [26] . In the fungus Aspergillus flavus [33] , accumulation of silver nanoparticle on the surface of its cell wall was observed when placed in silver nitrate solution are some examples of fungal mediated intracellular synthesis of silver nanoparticles. Hence, the present paper describes the preparation and optimization of silver nanoparticle synthesis to obtain specific size and shape of silver nanoparticles.
Materials and methods

Cultivation of microorganisms
In this study, the fungus Aspergillus terrerus (Thom) MTCC 6624 was used for the synthesis of silver nanoparticles. The fungal culture was obtained from Microbial Type Cultural Collection and Gene Bank, Institute of Microbial Technology, Chandigarh, India. Pure culture was maintained on the medium (g/l: malt extract, 3.0; glucose 10.0; yeast extract 3.0; peptone 5.0 and agar 25.0) as prescribed by MTCC, Chandigarh, India and subcultured at monthly intervals.
Production of fungal biomass
For pre-inoculum development, A. terrerus from the 1/5th slant was inoculated in Erlenmeyer flask (250 ml) containing glucose 1.5 g (Hi-Media), peptone (Hi-Media) 1.0 g and yeast extract (Hi-Media) 0.35 g per 100 ml. In the inoculated medium, potassium nitrate (0.35 g/l) was added so as to stimulate the culture to produce nitrate reductase enzyme complex. Cells were grown aerobically at 30°C under shaking at 120 rpm for 72 h. The culture containing medium was centrifuged at 9000 rpm for 10 min at 4°C. The cell biomass was washed thrice with one volume of sterile distilled water. The biomass was vacuum dried at 50°C and used for silver nanoparticle synthesis.
Synthesis of silver nanoparticles
For each run, 50 ml of silver nitrate solution was prepared in 250 ml Erlenmeyer flask. As per the statistical experimental design, a specific amount of fungal biomass was inoculated into the silver nitrate solution and incubated at a specific temperature for 24 h ( Table 2 ). The control flask containing silver nitrate solution without biomass was also incubated at desired temperature for 24 h. After incubation, the solution was filtered by membrane filtration technique using 2.0 lm filter paper. The obtained biomass was washed thrice with deionized distilled water and then vacuum dried at 50°C. These experiments were performed in duplicate and mean value were used further for result analysis. The results obtained after conducting the experiments were analyzed by MiniTab software to make it a reference about the factors involved in the synthesis of silver nanoparticles. Finally, the optimum operating conditions for synthesis of smaller size nanoparticles were determined.
Characterization of silver nanoparticles
Ultra violet-visible (UV-Vis) spectrophotometry
The UV-Vis spectrum of the dried powder was recorded with JASCO V670 spectrophotometer at wavelengths ranging from 200 to 800 nm.
Field emission scanning electron microscopy (FE-SEM)
An FE-SEM is used to visualize very small topographic details on the surface of the particles. This technique is used to observe the structural details of synthesized nanoparticles, polymers, and organelles at a smaller ([1 nm) scale. Electrons liberated are from a field emission source that generates a high electron field gradient in the high vacuum column. From this column, a narrow scanning beam is bombarded on the material. As a result, secondary electrons are emitted from the material which gathers on the detector to produce an electronic signal. This amplified signal can scan on a monitor as a digital image. Hence, FE-SEM is useful in qualitative and quantitative analysis of elemental composition and distribution in the sample. To obtain FE-SEM image of the synthesized material, the instrument Nova Nano SEM 450, make FEI, and software xT microscope control was used.
X-ray diffraction (XRD)
X-ray powder diffraction is a rapid, versatile and a nondestructive analytical technique used for quantitative and qualitative analysis of crystalline materials. This technique is used to determine the overall structure of a single crystal, its structure, texture, particle size, and average bulk composition of the material. In this study, a powder diffraction system with Cu-Ka (k = 0.1542 nm) was used. The X-ray scans were performed between 2h values 20°-90°with a step size of about 0.10 using Burker 9XS, D8 advance model, Germany. In a crystal, atoms are arranged in a lattice. When Xrays are scattered from the crystalline solid they produce a diffracted beam through the crystal. In 1912, W. L. Bragg recognized a predictable relationship between several factors and combined them in an equation in Bragg's law:
Here, k, the wavelength of the rays; h, the angle between the incident rays and the surface of the crystal; d, the spacing between layers of atoms; and n, an integer.
Crystalline size measurement: Scherrer's formula X-ray diffraction is used for identification of phase on the basis of the position of the peaks in diffraction profile as well as the relative intensities of these peaks to some extent. The diffraction of the peak depends on the presence of various types of defects in a crystal. Small size crystal is one of the defects which can change the width of diffraction peak. Therefore, crystal size is easily calculated by Scherrer's formula as peak with (specified as the full-width at half maximum peak intensity), peak position, and wavelength. The Scherrer's formula is;
Here L, the Scherrer's constant of value 0.94; k, the X-ray wavelength (0.1542 nm); b, the half-height width of the diffraction band; and h, the Bragg angle corresponding to planes. Thus, the size obtained from this formula is the apparent or average particle for material under study.
Preparation of silver nano-embedded cotton fabric
The cotton fiber was used for the preparation of silver nanoparticles loaded material. Long thread Egyptian cotton fibers were purchased from local market. The fibers were washed, combined into about 10 cm width strips, dried and then cut into 10 cm long segments. Silver nanoparticles were separated from the fungal biomass by mild acid treatment (0.1 N HCl for 2 h). After acid treatment, concentration of obtained silver nanoparticles was 1000 ppm. This initial concentration of nanoparticles was further diluted to obtain 25 and 100 ppm with distilled water. The cotton fabric was immersed in this silver colloidal bath for 10 min and excess liquid was squeezed out. This material was then dried at 50°C for 30 min and pellets of 5 mm diameter were prepared for further study.
Antibacterial properties of silver nanoparticles embedded fabric
Bacterial strains used during the studies are listed in Table 3 . Cultures were grown at 30°C for 24 on MuellerHinton medium (MH agar per liter: beef infusion 300, casein hydrolysate 17.50 g, starch 1.50 g and agar 17.0 g) plates. The newly grown single colony was inoculated with 3.0-5.0 ml of MH broth and incubated at 37°C till turbidity of the medium attained to 0.5.
Results and discussion
Synthesis of silver nanoparticles
Many physical and chemical methods had been reported for synthesis of silver nanoparticles [34] [35] [36] [37] [38] . One of the main reasons for the development of the present method of synthesis is at the nano-and sub-nano levels, the particles are much more unstable and impart special properties to the material [38] . Although the use of physical and chemical methods yield smaller size nanoparticles but the use of capping agents or nanocavities are few examples of their limitations. Therefore, attention is being directed to produce silver nanoparticles using environmental friendly methods [19] . The use of microbial cells for the synthesis of nano-sized materials has emerged as a novel approach for the synthesis of metal nanoparticles. The microbial system like bacteria, fungi and yeast has the ability to convert metal ions to metallic nanoparticles [22, 23, 25, 26] . Among these, fungal species are widely used as tools for this purpose and has more advantages in the production of nanoparticles [25, 26] .
In this study, silver nanoparticles were synthesized using a fungal system. During synthesis, change in the color of biomass from pale white to brown was the indication of conversion of Ag ?? to Ag 0 , while the control showed no color change. This color change could be due to the shift in the surface plasmon resonance where silver as Ag ?? is reduced to silver nanoparticles (Eq. 3) [39] .
When the wavelength of specific light interacts with silver nanoparticles, the electrons on the surface are excited and undergo oscillations. However, various metals have variable excitation and oscillation spectra. The known excitation spectra for silver nanoparticles were used for specific identification of the nanoparticles using UV-Vis spectrophotometer. As shown in Fig. 4 , the particles were scanned at 200-800 nm and absorbance peak was obtained at 290 nm.
That classic UV-Vis peak of silver nanoparticles shifted from 390 to 290 nm may be due to various mechanisms involved during their synthesis. These mechanisms have been suggested in many reports. For example, binding of silver ions with fungal cell wall during [19, 22] synthesis. Entrapment of silver nanoparticles on the cell wall of microbes is suggested in studies. The presence of the carboxyl group of amino acid residues and the amine of peptide chains along with reducing groups like aldehyde and ketone governs the bioreduction of silver ions to [Ag (NH 3 ) 2 ]
? group [40] . It has been also reported that the presence of dehydrogenase and nitrate reductase plays an important role in synthesis of silver nanoparticles [41] [42] [43] . Hence, fungal cell wall mediated silver nanoparticle synthesis could be possible while the presence of carboxyl group of amino acid enhances the entrapment of nanoparticles intracellularly.
Optimization of biosynthesis parameters
The effect of silver ions on silver nanoparticle synthesis was studied by varying the concentration of silver nitrate ( Table 2 ). The finely milled fungal biomass was treated with 6.0, 8.0, and 10.0 mM solution of silver nitrate. Primary experiments showed that the size of nanoparticles decreased as the concentration of silver ions decreases. It could be possible that the low concentration of silver ions stimulates various functional groups on the fungal cell wall. These functional groups convert Ag ?? to Ag 0 and cause the formation of silver nanoparticles of smaller diameter (Eq. 2). As more silver ions become available, the size of the particles increases (Fig. 1) ; the threshold concentration of silver ions responsible for lowest particle diameter was found to be 6 mM. Figure 2 indicates the effect of fungal biomass on the synthesis of silver nanoparticles and the optimum value was found to be 0.7 g/100 ml. It was observed that lower the amount of biomass concentration, comparatively larger was the particle size.
Effect of temperature on the size of particle was studied at three levels (35°C, 40°C, and 45°C) (Fig. 3) . However, smaller particle was obtained at temperature of 45°C, it could be due to the change in permeability of cell at high temperature which support smaller size silver nanoparticle synthesis.
Analysis of variance (ANOVA)
Analysis of variance (ANOVA) consists of classifying and cross-classifying results and testing whether the means of a specified classification differ significantly or not [44] . For this, the statistical significance of each parameter was studied by p value and it was assumed that smaller the magnitude of p value, more significance was studied, shown in Table 4 .
The results presented in Table 5 demonstrate that synthesis of silver nanoparticles was significantly affected by the concentration of silver ions and reaction temperature of the synthesis process. Therefore, we report here that silver nanoparticles of size *2.0 nm are possible to produce Size of nanoparticles, nm Ag + ions, mM Fig. 1 Effect of silver ion concentration on the size of nanoparticles when silver nitrate is at low level (6.0 mM) and temperature at high level (45°C).
Characterization of silver nanoparticles
Ultra violet-visible spectrophotometery
Metallic nanoparticles have a specific optical adsorption spectrum in the UV-visible region. The surface of a metal is like plasma, having free electrons in the conduction band and positively charge nuclei. Therefore, surface plasmon resonance is due to shift of the absorption spectrum of silver nanoparticles into the UV-visible region. As shown in Fig. 4 , UV-visible spectra of silver nanoparticles have a broad and strong peak at 290 nm. This specific absorption peak of silver nanoparticles is due to excitation of electrons in the construction band [45] . The electrons of silver nanoparticles are excited in presence of UV light toward the surface and form a characteristic peak of silver nanoparticles [38, 46, 47] at 290 nm (Fig. 5) .
Field emission scanning electron microscopy results
In fungal mediated biosynthesis, when the aqueous silver nitrate solution was exposed to fungal biomass, silver was adsorbed on the surface of the mycelia and further reduced the metal ions to atoms [46] . These metal atoms further coalesce to form aggregates. As shown in Fig. 6 , silver nanoparticles were reduced intracellularly on the surface of the mycelium. This fungal mediated reduction resulted in formation of silver nanoparticles and was stabilized by various functional groups present in fungal cell wall. There could be two possible mechanisms for intracellular synthesis of silver nanoparticles; (a) functional groups such as -C-O-C-, -C-O-, and -C=C= derived from heterocyclic compounds and the amide I bond derived from proteins is responsible for capping ligands of the nanoparticles [38, 43, 48, 49] and (b) presence of nitrate reductase in the fungal cell is responsible for reducing the silver ions to nanoparticles. In the present investigation, morphology of the synthesized nanoparticles was studied by FE-SEM and they were found to be spherical in shape.
X-ray diffraction results
The X-ray diffraction tool is known to calculate the approximate particle size of nanoparticles. The average particle size was calculated by Scherrer's equation (Eq. 2) and found to be *2.0 nm. The blue shift of surface plasmon resonance denotes decrease in particle diameter.
Antibacterial property of silver nano-embedded cotton fabric
Recently, the use of cellulose carriers for microbial treatment is a new area of textile research. Various nanoparticles were studied for their application in the textile industry [2, 50, 51] . The silver metal is very well known for its antibacterial properties and could be a good agent for bacterial resistant fabric. It has inhibitory effect on many microbes and could be helpful to control multi-drug resistant microorganisms. This possibility was studied using a prototype of cotton fabric embedded with silver nanoparticles. Therefore, it is proposed that a novel hybrid of cotton fiber to silver nanoparticles may have antibacterial property. The cotton fibers loaded with 25 and 100 ppm concentration of silver nanoparticles was used during this study. It was observed that lowest concentration of silver nanoparticles exhibited good antibacterial properties.
The Gram positive Bacillus cereus and Staphylococcus aureus are more susceptible to silver nanoparticles than Gram negative Pseudomonas aeruginosa, Escherichia coli, and Proteus vulgaris. Whereas increase in concentration to 100 ppm, inhibit the growth of both Gram positive and Gram negative of microbes, while non silver embedded cotton fabric did not show antibacterial property. Hence, silver nanoparticles impart an antibacterial property to the cotton fabric as it provides a large surface area for their adhesion (Table 6 ). 
2.
Bacillus cereus --
3.
Pseudomonas aeruginosa ? -4.
Staphylococcus aureus --
5.
Proteus vulgaris ? -'-', indicates inhibition of growth and '?' presence of growth of microbes 
Conclusion
Our X-ray diffraction study showed that silver nanoparticles of size ranging from maximum *13.80 to 2.0 nm were produced during synthesis. The UV-Vis spectra indicated that the surface plasmon resonance of silver nanoparticles shifted to 290 nm due to cell-bound nature of nanoparticles. The obtained FE-SEM images showed that the silver nanoparticles are present intracellularly. It is proposed that silver nanoparticles synthesized by biological route is smaller than those synthesized chemically. Antibacterial property was also demonstrated by fabric embedded with silver nanoparticles. Thus, it can be concluded that the silver nano-embedded fabric has excellent antibacterial properties and could be applied at large scale.
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